Abstract-Distributed resources (DR), such as residential small wind turbines and solar cells, generate electrical energy in the form of a direct current (DC). An inverter is needed to convert this DC power into an alternating current (AC) for regular usage. This paper explains the steady-state and transient-state analyses of a renewable energy inverter.
I. INTRODUCTION
Some residential small wind turbines and photovoltaic (PV) panels need inverters since they generate direct current (DC) power, and this DC power must be converted to alternating current (AC) power in order to sell it back to the grid or use it for electrical appliances. Occasionally, PV panels or residential small wind turbines are connected to batteries to store the energy for later use via inverters. An inverter is a device that can convert DC power into AC power. The main purpose of the work in this paper is to determine the performance of an inverter in steady-state and transient-state conditions and develop a power-flow model that is useful for power system operators and planners to determine how much high penetration of distributed photovoltaic power generation will affect their power system. This study utilizes a 3600VA, 48V DC inverter/ charger, which can be operated between 42V and 68V on the DC side, and between 80V and 150V on the AC input, with a frequency range between 58Hz and 62Hz [1] . AC output terminals are useful to connect to the load. The operating voltage on the DC side is 48V, 60Hz, and on the AC side is 120V, 60Hz. This inverter/charger is able to sell or buy energy from the grid. The inverter always needs a DC power supply to keep it functioning, and it is controlled by an inverter interface or communicating device that can monitor, control, and configure the inverter [2] .
The important equipment used in this experiment includes a programmable DC supply, which acts like a solar array simulator. The output voltage range is from 0V to 100V DC, the current range is 0A to 100A, and the power rating is 5000W [3] . The important equipment also includes a programmable AC supply, which is a 6KVA sag, spike, and susceptibility test system [4] . This AC supply is able to deliver electrical energy as well as consume electrical energy. This system can supply three-phase and single-phase inputs, and the input of this system has three phases. The output voltage and frequency of this system can be controlled by LabVIEW software.
II. CONNECTION FOR STEADY-STATE ANALYSIS
In this steady-state analysis, our interest lies in the performance of the inverter. A programmable DC supply is connected to the DC terminals of the inverter, and AC load terminals are connected to a resistive load; the same test is then repeated with an inductive load. AC grid terminals are kept open. Figure 1 shows the connection diagram for a steadystate analysis. Table 1 shows the results of the steady-state analysis with a resistive load when the DC supply voltage is 48V. Here, P DC is the DC power supply from the programmable DC supply, P AC is the output power of the inverter, V AC is the AC voltage at the load terminals of the inverter, losses are those of the inverter, and efficiency is that of the inverter. Table 2 shows the results of the inverter with an inductive load when the DC voltage is 48V. Here, Q AC indicates the reactive power consumed by the load, and PF is the power factor of the load. Figure 2 show the efficiency of the inverter with resistive and inductive loads. From this graph, it can be concluded that the inverter is supplying reactive power, and the efficiency of the inverter is higher with a resistive load than with an inductive load. In this case, the inverter is acting as a pass-through, which means that a load is connected to the load terminals of the inverter; therefore, power consumed by the load is directly supplied from the grid. In this case, reactive power consumed by the load is also supplied by the inverter. As shown in Table 3 , efficiency of the inverter is very high compared with all other cases. Figure 3 shows the connection diagram of the inverter for transient analysis. A programmable DC supply is connected to the DC side of the inverter, and a programmable AC supply is connected to the grid side of the inverter and controlled by LabVIEW software. Here, the programmable AC supply is acting as a grid. An inductive load is connected at the node where the inverter and programmable AC system are connected (grid). It is possible to control the inverter by using MATE and to notify the inverter when to sell power and when to stop selling power, Table 5 shows the performance of the inverter when it is selling power to the grid and supplying power to the load, where the load is connected directly to the inverter and when the DC supply voltage is 48V. Here, V RMS is the grid RMS voltage, P DC is input of the DC supply, P INVERTER is the active power of the inverter output, Q INVERTER is the reactive power supplied by the inverter, and P SOURCE is the active power supplied by the source, where negative (-) indicates that the inverter is consuming instead of supplying. The reactive power supplied by the source is Q SOURCE , and the efficiency of the inverter is EFF.
As the grid voltage decreases, the active power supplied by the inverter is increasing, but the reactive power supplied by the inverter is almost constant. In this case, the inverter is generating little reactive power; most of the reactive power consumed by the load is supplied by the grid. Figure 6 shows the efficiency of the inverter. Table 6 shows the performance of the inverter during the sag period. In this test, we determine how the inverter reacts if there is a sudden drop in voltage of a few seconds. This test involves the following connections: First, the inverter is connected to the programmable DC supply on the DC-side terminals and a programmable AC supply to the grid terminals of the inverter. The load terminals of the inverter are kept open by using LabVIEW software to create voltage sags on the output voltage of the programmable AC supply. The DC voltage is kept at 50V on the programmable DC supply, the inverter is programmed to sell energy, and a constant voltage is maintained on the grid side. The inverter begins selling energy at a constant rate of 1200W per second. The AC voltage on the grid side (output of the programmable AC supply) is 122.2V. Then, a sag in the voltage of 5% for 100ms is created, with no change in power flow. The sag voltage is kept at 5%, and the sag period is increased to 5 seconds. Selling power is increased to 2500W during the sag period, and selling power is stopped once the sag period ends, but nothing is disconnected in the loop. After a minute, the inverter starts selling power to the grid. 
Efficinecy
Output Power Efficiency@48V Table 6 shows the power sales during the sag period.
From the results of this test, it can be concluded that the inverter's capability of selling power depends upon the level and duration of the sag. If the sag voltage is high, then the inverter is selling more energy, and if the duration of the sag is longer, than the inverter is selling more energy. At a high sag voltage and high sag period, the inverter tries to pull more power from the programmable DC supply, and because its supply power is limited to 5000W, the inverter is disconnected from the system. If the inverter is not selling power to the grid under normal conditions, then it will not sell any power to the grid during the voltage sag. It will continue to sell more power if the inverter is already selling power to the grid. If the inverter sees a sudden load change or voltage change, then the inverter stops selling energy to the grid. It never disconnects from the grid as long as it is not at fault, and it will start selling power to the gird after a minute of returning to the normal condition. Unit tried to pull more energy than programmable DC could supply (DC supply gave error signal), so inverter was disconnected from DC side Table 7 shows the performance of the inverter when it is connected to the load and selling energy to the grid when the DC voltage is kept constant at 50V and the AC grid voltage is also constant at 124.7V. The first condition is when the voltage reached 95% of grid voltage and the duration of the sag was only 5m
In the sag condition, the inverter did not notice the sag and continued selling 900W of power to the grid and supplying 575W power to the load. When the sag period was increased to 50mS and the sag voltage was the same, then the selling power increased to 1000W during the sag period. If the sag period was increased to 500mS with the same sag voltage (95%), then the selling power increased to 1100W during the sag period and came back to 900W. When the sag period was 5000mS and the sag voltage was 95% of the grid-rated voltage, then the selling power increased to 2000W during the sag period and the inverter stopped selling power after the sag period finished but was still supplying power to the load. When the sag voltage was 90% of normal grid voltage and the sag period was 2000mS, the inverter increased the selling power from 900W to 2000W and stopped selling power once the voltage was back to normal and the inverter started buying power from the grid to supply power to the load. A couple of minutes later, the inverter started selling power to the grid. When the sag was 85% of normal grid voltage and the sag period was 2000mS, the inverter increased selling power to 3000W for a moment, but the DC supply was unable to provide that much power so the inverter stopped supplying power to the inverter, and the inverter started buying power from the grid. When the sag voltage was 80% of the rated voltage for 1mS, the programmable DC supply gave an error signal, because if the inverter might have pulled more power than what the DC power supply could supply, the inverter started buying energy from the grid to supply the load. Once the error on the DC supply was cleared, the inverter immediately started supplying power to the load and selling power to the grid. From table 30, it can be seen that as the sag increases on the grid voltage, the selling power is increasing, and as the sag period increases, the selling power also is increasing. During this test, the inverter always supplied power to the load, either from the DC source or from the grid. 
